Many III-V semiconductors show excellent functional properties in various applications ranging from photovoltaic cells to microelectronics [1, 2] . Their use in future high-performance nMOS transistors as replacement of Si is mostly motivated by their high electron mobility [3] . Nonetheless, the efficient application of III-V materials in microelectronics is limited by the lack of a suitable gate dielectric. The formation of a native oxide on III-V surfaces induces a too high density of defects, which pins the Fermi level and degrades the electrical performances of MOS devices [4] . The substitution of the native oxide with other gate dielectrics might mitigate the drawback of interfacial defects.
The control of the chemistry at surfaces and interfaces is therefore extremely important for the perfect operation of nMOS devices based on III-V materials. However, the way native oxides are removed determines the quality of interfaces. One may either remove the native oxide (e.g. chemically) before depositing a new oxide [5] , or directly transform the native oxide into the desired dielectric [6] . In the first case, the chemical treatment could further induce a beneficial defect passivation. Such a passivation has been often observed in S-terminated surfaces [7] . In the second case, the atomic layer deposition (ALD) of metal-oxides can be used, as it might remove the native oxide and transform the native oxide into the ALD oxide.
Due to its high surface sensitivity, Synchrotron Radiation Photoemission Spectroscopy (SR-PES) is the best method to investigate the details of surface passivation as well as those of native oxide removal upon ALD.
SR-PES was measured at BESSY-II storage ring of the Helmholtz Center in Berlin, Germany, using a low energy (TGM7, allowing photons in the range 10-120eV) and a soft X-ray beamline (U49-2/PGM2, with photons in the range 85-1800eV). GaAs, InGaAs, InAlAs, and InP samples were investigated before and after various chemical treatments, as well as after each ALD cycle of Al 2 O 3 with tri-methyl-aluminum (TMA) and H 2 O.
The reduction of native oxide after chemical treatment or ALD was determined with photoemission using various photon energies in order to change its surface sensitivity (figure 1). For selected samples, half cycle experiments were conducted, i.e. after the TMA deposition. With those experiments, the role of TMA in the native oxide reduction was evidenced.
Native oxides resulted to be formed by a complex combination of various chemical species, ranging from sub-stoichiometric to stoichiometric oxides. Different chemical treatments showed to act differently on the various species. After TMA deposition, the reduction of the various native oxide species followed different reaction paths (figure 2) [8] .
This behavior shows that the complexity of native oxide composition is an important property of III-V substrates that influences the use of ALD for decreasing the density of defects.
The Fermi level pinning was as well followed insitu after each TMA pulse, finding only minor changes. Finally, these results show that removing the native oxide of III-V semiconductors with ALD alone is insufficient to obtain interfaces with the required low density of defects, but a combination of surface pre-treatment and ALD is instead necessary. This work was performed in collaboration with C. Adelmann, D. Cuypers, T. Conard, and A. Delabie from IMEC and M. Michling and D. Friedrich from BTU. The stoichiometric Ga 2 O 3 decreases slower than the As 2 O 3 ; the suboxide is not reduced by TMA [8] .
